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Antithyroid Drug-induced Agranulocytosis: Report of 13 Cases
Chung-Huei Huang, MD; Kay-Lun Li, MD; Jin-Hou Wu1, MD; Po-Nan Wang1, MD;
Jyuhn-Huarng Juang, MD
Background: Antithyroid drug (ATD)-induced agranulocytosis is rare but may cause fatal
complications in patients with thyrotoxicosis during treatment with thionamide-derived drugs. From our previous experience, we note that 2 of 11
such patients died in a 10-year retrospective study.
Methods:
We reviewed thirteen patients who developed agranulocytosis from 7,466
patients with hyperthyroidism while they were being treated with ATD from
July 1989 to November 2003.
Results:
The incidence of ATD-induced agranulocytosis (absolute neutrophil counts
< 500/mm3) was 0.17%. The age of the 13 patients (female: male = 10:3) was
28 to 61 years (mean SD: 39.6 10.0 years). The most common clinical
manifestations were fever (100%), sore throat (76.9%) and chills (46.1%). At
the time of agranulocytosis attack, ATD had been administered for 12 to 66
days (mean SD: 36.4 18.7 days) and the duration of symptoms was 1 to
14 days (mean SD: 4.6 3.7 days). Intravenous infusion of 300 µg granulocyte colony-stimulating factor (G-CSF) per day was administered to 3
patients simultaneously with intravenous empirical broad-spectrum antibiotics. After intensive and supportive treatment in hospital, all the patients
recovered with absolute neutrophil counts of more than 500/mm3 in 2 to 13
days (mean SD: 7.6 3.4 days).
Conclusions: In our 25-year clinical experience, the most cost-effective method of managing agranulocytosis induced by thionamide-derived ATD is that all patients
with thyrotoxicosis must be warned that their white blood cells and differential counts should be checked immediately whenever the “common cold”
symptoms occur during treatment, especially within the first 3 months of
medication.
(Chang Gung Med J 2007;30:242-8)
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G

raves’ disease is an organ-specific autoimmune
disease. The hypersecretion of thyroid hormone
from the thyroid gland is mainly mediated by circulating thyrotropin (TSH) receptor antibodies.
Although the mechanisms of this pathological

immune process have been much explored, the ideal
treatment to correct this autoimmune disorder
remains unclear, both in clinical practice and basic
research.(1,2) Thionamide-derived antithyroid drugs
(ATD), radioactive iodine and surgery are currently
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the treatments for patients with Graves’ hyperthyroidism. Except in North America where radioactive
iodine is preferred as the treatment for those with
Graves’ hyperthyroidism, ATD are used nearly
everywhere else, including Taiwan.(3)
In the treatment of thyrotoxicosis, the most serious adverse effect of ATD, which may lead to fatal
complications, is agranulocytosis. Its incidence was
reported to be less than 1% and the estimated risk
was 3 per 10,000 patients per year.(1,4-6) In our previous ten-year retrospective study (January 1979 to
June 1989), we found that among 11 patients with
ATD-induced agranulocytosis, the mortality rate was
18%. (7) In this study, we report on a further 13
patients with ATD-induced agranulocytosis from
July 1989 to November 2003.

METHODS
Based on the computerized data of 7,466
patients with a discharge diagnosis of hyperthyroidism (ICD code 288), 31 patients were simultaneously associated with agranulocytosis/leukopenia
(ICD code 242) from July 1989 to November 2003.
Among these, 13 patients with ATD-induced agranulocytosis were documented while they were hospitalized in Chang Gung Memorial Hospital (Linkou).
All the patients with hyperthyroidism and agranulocytosis/leukopenia were reviewed. Agranulocytosis
was defined as an absolute neutrophil count of
< 500/mm3. Among these 13 patients, thyrotropinbinding inhibitory immunoglobulin was recorded as
positive (> 15%) in 6 patients.
As soon as agranulocytosis was diagnosed, ATD
was discontinued. After blood samples for bacterial
culture were obtained, all patients were treated intensively with parenteral antibiotics. Three patients
were administered intravenous granulocyte-colony
stimulating factor (G-CSF), 300 µg per day, for 5
days. White blood cells and differential counts were
checked every day in the first week and then every
two days, whilst in hospital, if the absolute neutrophil count was still < 500/mm3. After discharge
from hospital, all patients with ATD-induced agranulocytosis were followed up monthly for at least 6
months.
Bone marrow examinations were performed on
five patients (patient no. 3, 6, 7, 8 and 12) because
other hematological disorders needed to be excluded,
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such as unexplained cytopenia, leukemia and myeloproliferative disorder etc.
The results were expressed as mean SD.
Mann-Whitney U test was used to compare the outcomes of the patients who received G-CSF intravenously with those who did not receive it. A p value
< 0.05 was considered to be statistically significant.

RESULTS
The incidence of ATD-induced agranulocytosis
in patients with hyperthyroidism was 0.17% (95%
CI = 0.08% - 0.26%) in this study. The clinical characteristics of 13 patients with ATD-induced agranulocytosis are depicted in Table 1. The age of the 13
patients was 28 to 61 years (mean SD: 39.6
10.0 years). Ten patients were female (mean SD:
39.9 11.1 years) and three were male (mean SD:
38.7 6.5 years). Four patients were treated with
propylthiouracil, 6 patients with methimazole and 3
patients with carbimazole. When agranulocytosis
was detected, ATD had been administered for 12 to
66 days (mean SD: 36.4 18.7 days) and the
duration from the onset of symptoms to laboratory
confirmation of agranulocytosis was 1 to 14 days
(mean SD: 4.6 3.7 days). One patient with
methimazole-induced agranulocytosis (patient no.
10), was unfortunately prescribed carbimazole 2
months later and a similar episode of agranulocytosis
subsequently developed. She was admitted to hospital for intensive treatment again and discharged without any complications.
Among these 13 patients with ATD-induced
agranulocytosis, three patients had a history of druginduced allergic reaction. One patient (patient no. 11)
had skin rashes induced by carbimazole and she was
then treated with methimazole. Another two patients
had a history of skin itching due to oral medication
of penicillin-V (patient no. 1) and propranolol
(patient no. 4).
The major complaints that caused patients to
visit the outpatient clinic or emergency unit for medical help were fever (100%), sore throat (76.9%),
chills (46.1%), cough (30.8%) and rhinorrhea
(30.8%). Other symptoms (7% to 14%) were general
malaise, oral ulcer, skin rashes, headache, palpitations and dysphagia (Table 2).
At the onset of agranulocytosis, the blood leukocyte counts were 0.1 to 2.3 x 103/mm3 (mean SD:
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Table 1. The Clinical Characteristics of 13 Hyperthyroidism Patients Treated with Antithyroid Drugs at Onset of Agranulocytosis
Case
no.

Gender

Age
(yr)

Dose
(mg/day)

Treatment duration
(days)

Symptom duration
(days)†

1*

F

28

Propylthiouracil

100 mg bid

26

6

2
3

F
M

61
45

Methimazole
Methimazole

5 mg tid
5 mg tid

31
60

7
14

4*
5

F
F

47
33

Methimazole
Propylthiouracil

10 mg tid
100 mg tid

30
28

7
5

6

F

29

Carbimazole

20 mg tid

31

6

7
8

M
F

39
42

Carbimazole
Propylthiouracil

10 mg tid
100 mg tid

57
13

2
2

9
10

M
F

32
34

Propylthiouracil
Methimazole

100 mg bid
10 mg bid

60
21

1
1

11*

F

32

Methimazole

10 mg tid

12

2

12
13

F
F

54
39

Carbimazole
Methimazole

10 mg bid
5 mg tid

66
18

6
1

36.4
18.7

4.6
3.7

Mean
SD

Medication

39.6
10.0

*: History of drug-induced allergic reaction such as skin rashes or itching; †: Time from the onset of symptoms to laboratory data confirmation of agranulocytosis
Table 2. Major Complaints of 13 Patients with Antithyroid
Drug-induced Agranulocytosis
Symptoms

Number of patients

%

Fever

13

100

Sore throat

10

76.9

Chills
Cough

6
4

46.1
30.8

Rhinorrhea
Malaise

4
2

30.8
13.8

Oral ulcer
Rash

2
1

13.8
7.7

Headache

1

7.7

Palpitations
Dysphagia

1
1

7.7
7.7

1.05 0.64 x 10 3/mm 3) and absolute neutrophil
counts were 5 to 400/mm3 (mean SD: 125.00
140.50/mm3) (Table 3). Furthermore, according to
thyroid function tests, 9 patients were still in a hyperthyroid state, 7 patients with T4 13.6-21.6 µg/dL
(normal range 5.0-12.4 µg/dL), TSH 0.001-0.2
uIU/mL (normal range 0.4-4.5 uIU/mL); 2 patients
with free T4 1.92-2.71 ng/dL (normal range 0.851.86 ng/dL). The other 4 patients were in a euthyroid
state with T4 5.06-12.05 µg/dL (normal range 5.0-

12.4 µg/dL), TSH 0.003-1.2 uIU/mL (normal range
0.4-4.5 uIU/mL). The recovery time for absolute
neutrophil counts of more than 500/mm3 was 2 to 13
days (mean SD: 7.6 3.4 days) after intensive
and supportive treatment in hospital. Three patients
(patient no. 3, 6 and 8) were administered intravenous G-CSF 300 µg per day during admission but
did not show significant benefit based on the time of
recovery (mean SD: 9.0 3.6 days) for absolute
neutrophil counts above 500/mm3 when compared
with the other 10 patients who did not receive GCSF (mean SD: 7.0 3.3 days) (p = 0.31; statistical power of 13%).
Bone marrow studies were performed in five
patients (patient no. 3, 6, 7, 8 and 12) at the time of
agranulocytosis. Four of them (patient no. 3, 6, 7 and
8) showed myeloid hypoplasia. Erythroid series
slightly increased in one patient (patient no. 8).
Infiltration of plasma cells was found in two patients
(patient no. 8 and 12) and many vacuolated
macrophages in one patient (patient no. 6).
Four of the thirteen patients had positive blood
cultures (31%), including Enterobacter agglomerans
(patient no. 7), Streptococcus species (patient no.
10), methicillin-resistant Staphylococcus epidermidis
(patient no. 12) and Klebsiella pneumoniae (patient
no. 13). The bacterial culture of a peri-anal abscess
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Table 3. Blood Leukocyte Counts in Patients with Antithyroid Drug-induced Agranulocytosis
At onset of agranulocytosis

On recovery

Patient
no.

Leukocyte
(1000/mm3)

Absolute neutrophil
count (/mm3)

Leukocyte
(1000/mm3)

Absolute neutrophil
count (/mm3)

Period
(days)

1

2.3

208

3.6

1584

6
5

2

2.2

374

4.9

2450

3*

0.6

12

2.0

720

8

4

0.5

220

5.4

3996

5

5

1.4

126

3.8

1520

5

6*

1.4

0

8.2

4059

6

7

0.7

140

3.6

576

2

8*

1.2

11

2.2

748

13

9

0.8

112

7.1

3124

12

10

0.8

8

3.1

1023

7

11

0.1

5

2.9

667

13

12

0.9

9

2

860

10

13

0.8

400

2.1

609

7

Mean

1.05

125.00

3.92

1498.92

7.6

SD

0.64

140.50

1.98

1348.64

3.4

*: Granulocyte colony stimulating factor (G-CSF) 300 µg per day was administered intravenously for 5 days during admission; when compared with after patients who did not receive G-CSF, the p value = 0.31.

revealed the same organism in patient no. 7. Septic
shock was diagnosed in one patient (patient no. 13).
Broad-spectrum antibiotics were administered intravenously to all patients. After hospitalization with
intensive parenteral broad-spectrum antibiotic treatment and supportive care, all 13 patients were discharged without any complications or mortality.

DISCUSSION
ATD-induced agranulocytosis is rare but it may
lead to mortality, mainly due to severe systemic
infection, if appropriate medical intervention is not
given immediately. The incidence of ATD-induced
agranulocytosis in patients with hyperthyroidism has
been reported to be less than 1%.(1) In this study, the
incidence of this complication was 0.17% (95% CI =
0.08% - 0.26%), similar to a study with an incidence
of 0.23% reported by Sheng et al. in Taiwan.(8) It is
worth paying attention to because three quarters of
patients with thyrotoxicosis are initially treated with
ATD worldwide, except in North America where
radioactive iodine is favored.(3)
In 1983, Cooper et al. concluded that higher
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doses of methimazole, greater than 30 mg/day,
and/or age over 40 years caused higher risk of development of agranulocytosis, which usually occurred
within the first 2 months of ATD therapy.(4) In the
present study, the doses of methimazole or carbimazole of 15 to 30 mg/day (mean SD: 22.78 7.12
mg/day) for 9 patients (69%) were significantly
lower than reported by Cooper et al. in which that
57% were treated with methimazole 30 to 60 mg/day
(mean SD: 49.4 16.13 mg/day) (p = 0.000;
Mann-Whitney U test).(4) Although a higher dose of
ATD and a longer drug treatment period might cause
greater probability of agranulocytosis, this serious
complication can occur at any time, and even a lower
dose of ATD cannot protect the patient from agranulocytosis.(6,7,9) McGavack and Chevalley reported that
granulocytopenia rarely appeared before the tenth
day of ATD treatment. This might be due to slow
accumulation of enough ATD to induce a reaction in
bone marrow tissue.(10) On the other hand, the majority of ATD-induced agranulocytosis usually occurs
within 2 months of treatment.(4,6-8) In our study, the
onset of agranulocytosis was between 12 and 66 days
after treatment with ATD. In additional four previous
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studies on 56 Chinese patients with ATD-induced
agranulocytosis, 53 patients (95%) were reported to
have a duration of ATD-induced agranulocytosis of
about 12 days to 2 months, whereas the other 3
patients (5%) had a duration of up to 5 months.(7,8,11,12)
A previous course of ATD treatment without the
occurrence of agranulocytosis should not be considered to suggest that it will not occur during a second
exposure to ATD. (1,4,6,7) In a 10-year retrospective
study, we reported that three patients with Graves’
hyperthyroidism who did not suffer from ATDinduced agranulocytosis in the first treatment course
went on to suffer from this serious adverse event during treatment with ATD for recurrent hyperthyroidism.(7) In terms of the pharmacological mechanism, carbimazole is identical to methimazole
because carbimazole is rapidly metabolized to methimazole in the liver after absorption.(13) Therefore, a
patient (patient no. 10 in this study) who has developed methimazole-induced agranulocytosis in the
past should not be prescribed carbimazole subsequently. Furthermore, the alternative of propylthiouracil should also be avoided because of the possibility of immunological cross-reactivity.(6,14) All of the
patients with hyperthyroidism in this study were
treated with radioactive iodine later, except one
patient (no. 11) who underwent bilateral subtotal thyroidectomy. Replacement therapy with thyroxine was
given to all of these patients as a hypothyroid state
developed subsequently.
The mechanism of ATD-induced agranulocytosis in patients with hyperthyroidism was demonstrated in vitro to be a drug-induced immune-mediated
process rather than a direct toxic effect of ATD.(6,14-18)
In those study, Wall et al. reported that in vitro
peripheral lymphocyte transformation in response to
ATD and circulating antibodies against neutrophils
were significantly demonstrated in the patients with
ATD-induced agranulocytosis when compared with
control patients.(14) Using direct immunofluorescence
tests, a transient autoantibody responsible from
patients with agranulocytosis might be induced by
propylthiouracil. (15) This ATD-induced specific
immune-mediated process reacted not only with
mature granulocytes but also affected both mature
blood cells and myeloid progenitor cell growth.(16-18)
In this study, of the 5 patients who underwent bone
marrow examination at the time of agranulocytosis, 4
patients (patient no. 3, 6, 7 and 8) showed myeloid
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hypoplasia. The erythroid series slightly increased in
one patient (patient no. 8). This situation was similar
to the rats intoxicated with thiouracil, resulting in a
decrease in the myeloid: erythroid ratio in the bone
marrow.(10)
Although the risk of life-threatening bacterial
infection was considered to be the main cause of
death in patients with ATD-induced agranulocytosis,
the bacterial cultures from blood samples were
reported as “no growth to date” among more than
half of such patients.(7,8) As for the available data of
ATD-induced agranulocytosis in Taiwan, including
this study, the mortality rates of the patients with
positive bacterial blood culture (one of 14 patients)
and those with negative culture (3 of 24 patients)
was not significant (p value = 1, Fisher’s exact
test). (7,8,11) Although Pseudomonas aeruginosa and
Klebsiella pneumoniae were reviewed as the most
common causes of bacteremia in this critical condition, empirical broad-spectrum intravenous antibiotics should be initiated to cover both aerobic,
including Gram-positive and Gram-negative, and
anaerobic bacterial infection as soon as possible until
the results of bacterial blood cultures are available.(8)
Although G-CSF was touted as an effective
treatment for ATD-induced agranulocytosis, the benefit of G-CSF in such patients has not yet been documented, including a prospective randomized
trial.(8,19,20) In this study, we demonstrated that the
administration of G-CSF to 3 patients did not shorten
their time of recovery when compared with the other
10 patients who did not receive it (p = 0.31).
However, only 13 patients were included in this
study with a statistical power of 0.13, which is far
too low to make any conclusive remarks.
In this study, no mortality was noted in contrast
to our previous report when 2 patients died in hospital.(7) In our 25 years clinical experience, the routine
monitoring of white blood cells and differential
counts has been not a cost-effective method. Early
detection of the onset of this fatal complication
induced by ATD is the key factor in rescuing patients
in such critical conditions. The most common clinical symptoms of agranulocytosis were similar to
those caused by upper respiratory tract infection or
the so-called “common cold”. Thus we also agree
that all patients with thyrotoxicosis must be warned
to return to the emergency unit or contact a physician
immediately to have white blood cells and differen-
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tial counts measurement whenever fever, sore throat
and chills occur during treatment with ATD.
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